We examined the effects of alloying elements such as Fe, Ga, In, Sn, Mg, and Mn on the electrochemical characteristics of Al-based alloys for Al-air batteries by potentiodynamic polarization tests and electrochemical impedance spectroscopy. The corrosion potential of an Al anode was lowered by the addition of Ga and Sn, resulting in an increase in the cell voltage compared with a pure Al electrode. Fe was not beneficial to improve the electrochemical properties of the Al anode in that it caused a decrease in the cell voltage and reduced corrosion rate slightly. In, Mn, Sn, and Mg decreased the corrosion rate of the Al alloys, while Ga enhanced corrosion significantly and accelerated consumption of the anode.
INTRODUCTION
The shift from gasoline or light oil to electrical energy as an energy source for automobiles has attracted increasing attention due to the increase in carbon dioxide emissions caused by the consumption of fossil fuels, as well as the drastic changes in oil prices. Lithium ion batteries has been considered most as a energy source electric vehicles because they have high energy density and are rechargeable. However, lithium ion batteries are not enough to make the electric vehicles practical in the gravimetric and volumetric energy densities and also the cost. To popularize electric vehicles, an advanced energy source with a six to seven fold higher energy density than that of current lithium ion batteries is needed. Al-air batteries are attractive in this regard because they exhibit a high theoretical cell voltage (E cell ) of 2.37 V in alkaline solutions as well as a high theoretical energy density of 8,076 Wh/kg [1] [2] [3] . In these batteries, oxygen from air, which is not included in the battery weight, can be used as the active material at the cathode. The capacity of the cathode is infinite in theory. Furthermore, Al is one of the most abundant elements on earth. The Al-air battery system can generate sufficient energy and power for mileage and acceleration similar to those of gasoline powered cars [4] . In addition, the battery system offers rapid mechanical recharging by replacing the used Al electrode with new one [4] [5] [6] .
However, the system has the major problem of decreased coulombic efficiency of the Al electrode in strong alkaline media resulting from the high rate of hydrogen evolution on Al [7] [8] [9] . In addition, the actual E cell of the Al-air battery is much lower than its theoretical E cell due to the large polarization resistance caused by passivation of the Al anode under current loading conditions [9] . Therefore, it is essential to suppress the corrosion and associated hydrogen evolution Yun-Il Choi, R. S. Kalubarme, HeeJin Jang, and Chan-Jin Park Mg, Ca, Zn, Ga, In, Tl, Pb, Hg, P, etc. in the Al-based anode materials [8] [9] [10] [11] [12] [13] [14] [15] [16] . Hunter et al. [10] reported that the electrode became more active by the addition of 0.05 1 .0 wt % Sn, Bi, In, Ge, P, Pd, Nb, Si, and Zn compared to the pure Al electrode. However, this effect was mitigated by the addition of more than 1.0 wt% these alloying elements due to the precipitation of secondary phases. According to Macdonald et al. [8] , less than 1 wt.% of Ga, In, Tl, and P were thought to promising to improve cell voltage and suppress corrosion.
In this study, we examined the electrochemical characteristics of Al based binary alloys containing Ga, In, Fe, Mn, Mg and Sn as an anode material for high power Al-air batteries. The corrosion potential, corrosion rate, and polarization resistance of the alloy anodes as well as the polarization behavior of air cathode, and also the cell voltage of during discharge were measured to examine the effects of each alloying element. cannot operate at high current density over 100 mA/cm 2 because the potential difference between the anode and the cathode is zero at that current density. 
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